Ethanol is a widely consumed drug, which acts on the central nervous system to induce behavioral alterations ranging from disinhibition to sedation. Recent studies have produced accumulating evidence for the therapeutic role of probiotic bacteria in behavior. We aimed to investigate the effect of Lactobacillus rhamnosus GG (LGG) on the behavior of adult zebrafish chronically exposed to ethanol. Adult wild-type zebrafish were randomly divided into four groups, each containing 15 fish. The following groups were formed: Control (C), received unsupplemented feed during the trial period; Probiotic (P), fed with feed supplemented with LGG; Ethanol (E), received unsupplemented feed and 0.5% of ethanol directly added to the tank water; and Probiotic+Ethanol (P+E), group under ethanol exposure (0.5%) and fed with LGG supplemented feed. After 2 weeks of exposure, the novel tank test was used to evaluate fish behavior, which was analyzed using computer-aided video tracking. LGG alone did not alter swimming behavior of the fish. Ethanol exposure led to robust behavioral effects in the form of reduced anxiety levels, as indicated by increased vertical exploration and more time spent in the upper region of the novel tank. The group exposed to ethanol and treated with LGG behaved similarly to animals exposed to ethanol alone. Taken together, these results show that zebrafish behavior was not altered by LGG per se, as seen in murine models. This was the first study to investigate the effects of a probiotic diet on behavior after a chronic ethanol exposure.
Introduction
Alcohol dependence is a chronic and progressive disorder, which affects thousands of people around the world and may cause several physical, mental, and social impairments. 1, 2 Neurochemical alterations caused by ethanol in specific brain regions may also have effects on several neurotransmitter/neuropeptide systems, leading to behavioral alterations, which range from disinhibition to sedation and hypnosis, depending on the amount of ethanol consumed. 3 Studies reported that intestinal microorganisms may have significant effects on the central nervous system (CNS) and on behavior. 4, 5 Chronic alcohol consumption has been known to cause dysbiosis. 6 Much of our knowledge regarding the bidirectional communication between the nervous system and intestinal microorganisms has been produced by studies of pathogenic organisms. However, a growing number of investigations have suggested a communication between the nervous system and commensal enteric microorganisms, including probiotic bacteria. 7, 8 Lactobacillus rhamnosus GG (LGG) is known to modulate intestinal microbiota, preventing the increase of pathogenic bacteria and protecting the intestinal barrier during chronic ethanol exposure. 9 Moreover, LGG metabolizes acetaldehyde, a hazardous by-product of ethanol metabolism. 10 Acetaldehyde induces deleterious effects on the CNS, and we hypothesized if LGG could prevent behavior alterations in zebrafish chronically exposed to ethanol.
Materials and Methods

Animals and diet
Sixty adult wild-type (short-fin) zebrafish (Danio rerio) of both genders were kept in a light:dark cycle of 14:10 h and at a temperature of 28°C -2°C. After the acclimation period, animals were randomly assigned to one of following four groups: Control (C, n = 15), Probiotic (P, n = 15), Ethanol (E, n = 15), and Probiotic +Ethanol (P+E, n = 15). Fish were fed one of the following diets: (1) Probiotic-free diet-Control (C) and Ethanol (E) groups and (2) Feed supplemented with LGG (Culturelle Ò Amerifit)-Probiotic (P) and Probiotic+Ethanol (P+E) groups. Both diets had a similar nutritional composition.
The viability of the LGG in the supplemented diet was determined by the standard plate-counting method in MRS (Difco), a selective medium for lactic acid bacteria. The microbiological analysis of the nonsupplemented feed showed that it was free of lactobacilli. Fish were fed twice a day until satiety.
Animals in the E and P+E groups were exposed to ethanol at a concentration of 0.5% (vol/vol) (Merck Ò P.A), added directly into the tank water. To ensure the stability of the ethanol concentration, the water in the tanks was changed every 2 days. 11 Same procedures were performed to C and P groups, save for the addition of ethanol to the water. Each tank (C, E, P, and P+E) contained 2 L of water and five animals each, for a total of 15 animals per group. Behavioral tests were performed after the 14th day of treatment.
Microbiological tests were performed to assess colonization by LGG in the fish gut of all groups. Fish were euthanized by hypothermal shock, and the intestines of five animals per group were entirely removed and aseptically transferred to sterile microtubes with 0.5 mL of phosphate-buffered saline, where they were macerated to prevent contact with the environment. The homogenates (20 lL) were inoculated in plates with Lactobacilli MRS Agar (DifcoÔ) and incubated at 37°C for 2 days in microaerophilic atmosphere. 
Behavioral tests
After the trial period, each fish was removed from home tank and placed individually in the novel tank. 12 The water in the latter was kept at the same temperature of the home tank (28°C -2°C), however, without the addition of ethanol. The behavior of each animal was assessed in a 6-min session. 12 Behavioral apparatus consisted of a trapezoidal tank containing 1.5 L of water and divided into three horizontal portions (lower, middle, and upper) and a camera (Microsoft Life Cam 1.1, with autofocus) connected to a computer running the software used to record animal locations and movements (ANY-maze, Stoelting Company).
Experimental procedures were similar for all animals, and behavioral tests were always performed in the same room to ensure similar environment and lighting across all trials. After each test, the water in the novel tank was changed. Fish behavior was examined by measuring the following variables: total distance travelled (m), mean speed (m/s), time mobile (s), and number of transitions between areas and time spent in each location (lower, middle, and upper).
Statistical analyses
Behavioral data are expressed as mean -standard error of the mean. The number of transitions between areas in the tank and the total swimming time (time mobile) was analyzed using a two-way ANOVA and Tukey as post hoc test. Analyses were performed using the GraphPad Prism software, version 6.0 for Windows (GraphPad Software). Results were considered significant at p £ 0.05.
Results
Microbiological analyses
The incubated plates of the intestinal samples from the groups P and P+E showed growth of LGG colonies, but no colonies grew in plates of C and E groups. The phenotypic characterization of the colonies cultured in plates of P and P+E groups was compatible with the colonies obtained from the positive control.
FIG. 2.
Exploratory activity of zebrafish in the novel tank test: ethanol caused the main effect in fish behavior related to the number of entries (D, G); time spent in each area (B, E, H); and distance travelled (I). P+E group did not show any statistical difference compared to E, C, and P groups. Animals exposed to ethanol explored the upper level of the tank significantly more than the other groups and spent more time in this zone of the tank (G, H, I ). (A, C, F) There were no statistically significant differences between groups. Data are expressed as mean -SEM, and p £ 0.05 was considered statistically significant. *Significant difference between groups. Statistical analysis was performed by two-way ANOVA followed by Tukey as post hoc; n = 15 animals/group.
FIG. 1.
Evaluation of the locomotor activity parameters in the novel tank test: total distance travelled (A), mean speed (B), and time mobile (C) did not significantly differ between experimental groups. Statistical analysis was performed by two-way ANOVA and Tukey as post hoc; n = 15 animals/group. Data are expressed as mean -SEM, and p £ 0.05 was considered statistically significant.
Total distance travelled, mean velocity, and total swimming time The absence of significant alterations in the locomotor activities shown in Figure 1 -total distance travelled (A), mean speed (B), and time mobile (C)-demonstrated that neither ethanol nor probiotic exposure led to sedation or toxicity.
Effects of ethanol exposure
Swimming patterns of fish exposed to ethanol were significantly different from those observed in the remaining groups. In most tests, the exploratory behavior observed in animals exposed to ethanol was distinct from that recorded in the control and probiotic groups. No interactions were observed between ethanol and probiotic exposure.
Animals of E group spent less time in the bottom portion of the tank than control fish and probioticalone groups ( Fig. 2B ; F(1, 55) = 11.03; p = 0.0016). Ethanol exposure was found to have a main effect on this variable, although it had no impact on the number of entries and distance travelled in the bottom of the tank (Fig. 2B, C) . The E group behavior differed from C and P groups in the middle portion of the tank (number of entries: F(1, 54) = 14.38; p = 0.009; time spent in area: F(1, 56) = 10.87; p = 0.0017). These results are presented in Figure 2D and 2E.
The analysis of swimming behaviors in the upper portion of the tank revealed that animals exposed to ethanol spent more time in this location. Ethanol exposure influenced on the number of transitions (F(1, 56) = 12.66; p = 0.0008), time spent (F(1, 56) = 11.23; p = 0.0014), and distance travelled in the upper level of the tank (F(1, 56) = 11.09; p = 0.0015) (Fig. 2G, H, I ).
The P+E group behavior did not present any significant difference in comparison to E, C, and P groups. Animals of P and C groups behaved similarly in all tests performed. No interactions were observed between the probiotic diet and ethanol exposure group and only the latter appeared to have an impact on fish behavior.
Discussion
Although many different experimental protocols have been used to assess anxiety in fish, the novel tank test is one of the most popular methods to evaluate this variable. [12] [13] [14] [15] In this procedure, anxiety is defined as reduced environmental exploration and fewer transitions between areas in the tank. [13] [14] [15] When animals are placed in new environments, they initially swim in a vertical direction, exploring the upper areas of the tank. This behavior is associated with adaptation to the new setting. Greater vertical swimming, assessed by the time spent in the upper levels of the tank and the number of transitions to this location, is considered indicative of lower anxiety levels. [13] [14] [15] [16] Our results showed that ethanol exposure induces a significant change in behavioral indicators of anxiety in zebrafish. Similar results were related by Cachat, Egan, and Wong, despite the differences in experimental time and concentrations of ethanol exposure. 14, [15] [16] [17] Ethanol acted as an anxiolytic agent in group E, although no further behavioral alterations were observed in animals who received the probiotic LGG in addition to ethanol (P+E). As can be observed in Figure 2 , the behavior of animals of P+E group was similar to that exposed to E alone, although it did not differ significantly from that of the control group. This finding may be explained by the presence of alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) in lactobacilli. 10 Acetaldehyde is the first product of ethanol oxidation in the body and it affects the activity of several neurotransmitters and, consequently, can contribute to the behavioral alterations associated with ethanol intake. 18, 19 Two different studies have shown that lactobacilli upregulate the activity of ADH and ALDH, increasing ethanol oxidation by bacterial dehydrogenases. 20, 21 The resulting acetaldehyde is oxidized by ALDH into acetate, decreasing ethanol concentrations in the blood. Perhaps the absence of behavioral differences between P+E and C groups could be explained by a decrease of ethanol concentration in the blood.
Conclusions
Zebrafish fed with LGG alone did not show any behavioral alterations. The anxiolytic effects of ethanol were not significantly altered by LGG intake.
